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Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2007) 
r min = 0.847, r m;lx = 0.916 



V = 1729.0 (8) A 
Z= 1 

Mo Ka radiation 
(i = 0.69 mm -1 
T = 296 K 

0.25 x 0.21 x 0.13 mm 
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In the crystal structure of the title compound, [CoCl 2 - 
(C 1 5H 17 C1 2 N 3 0)4], the Co 11 cation lies on an inversion center 
and has a slightly distorted octahedral coordination geometry. 
The equatorial positions are occupied by four N atoms from 
four diniconazole [systematic name: (£)-(i? 1 S')-l-(2,4-dichloro- 
phenyl)-4,4-dimethyl-2-(l//-l,2,4-triazol-l-yl)pent-l-en-3-ol] 
ligands. The axial sites are occupied by two CP anions. In the 
two independent organic ligands, the triazole ring is oriented 
at dihedral angles of 18.28 (14) and 32.15 (14)° with respect to 
the dichlorophenyl ring. Intermolecular O— H- ■ CI hydrogen 
bonds consolidate the crystal packing. 

Related literature 

For background to the use of diniconazole as a fungicide, see: 
Sumitomo Chemical (1984); Huang et al. (2003). For further 
synthetic details, see: Fu (2002); Xia et al. (2001). For similar 
structures, see: Gao et al. (2001). For our previous work based 
on diniconazole, see: Xiong et al. (2010). 
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Experimental 

Crystal data 
[CoCl 2 (C 15 H 17 Cl 2 N 3 0)4] 



Refinement 

R[F 2 > 2a(F 2 )] = 0.040 

wR(F 2 ) = 0.098 

S = 1.02 

6356 reflections 

402 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



70 restraints 

H-atom parameters constrained 
Ap max = 0.58 e A~ 3 
Ap mi „ = -0.53 e A~ 3 
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Symmetry code: (i) — x + 2, — y, —z + 1. 

Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5277). 
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Dichloridotetrakis(diniconazole)cobalt(II) 

C.-X. Liu, X.-Y. Song, Q. Liu, X.-L. Nie and S.-H. Wen 

Comment 

Diniconazole [(i?)-(7?5)-l-(2,4-dichlorophenyl)-4,4-dimethyl-2- (l//-l,2,4-triazol-l-yi)-pent-l-en-3-ol] is a highly active 
triazole fungicide(Sumitomo Chemical, 1984). It is widely used for control of a broad range of fungal diseases in many 
crops, such as corn, wheat, peanut, grape and apple (Huang et ah, 2003. Because of its strong antimicrobial activities and 
its wide applications, the synthesis of diniconazole(Fu et ah, 2002; Xia et ah, 2001) and its salts(Gao et ah, 2001) have 
attracted much attention. Recently, our group have reported the crystal structure of diniconazole(Xiong et ah, 2010). In this 
paper, we report the synthesis and crystal structure of a new cobalt(II) complex, (I), incorporating diniconazole. 

The asymmetric unit of the title compound, [Co(Ci5Hi7Ci2N30) 4CI2], consists of one cobalt(II) ion, two diniconazole 
ligands and one coordinated CI atom. The Co atom lies on an inversion center and has a slightly distorted octahedral geo- 
metry. The equatorial positions are occupied by four N atoms from four (E)-(i?S)-l- (2,4-dichlorophenyl)-4,4-dimethyl-2- 
(l//-l,2,4-triazol-l-yl)-pent -l-en-3-ol ligands. The axial sites are occupied by two CI atoms (Fig. 1). The Co — N distance 
are 2.123 (3) and 2.147 (3) A and Co — CI is 2.5222 (9) A. In the crystal packing, intermolecular O — H— CI hydrogen 
bonds(Table 1) link the molecules into chains along the a axis (Fig. 2). The structure of the title compound is isostructural 
to previously reported zinc (II) complexe constructed by Zn (II) and diniconazole (Gao et ah, 2001). 

Experimental 

C0CI2.6H2O (0.036 g, 0.1 mmol) was dissolved in ethanol (10 ml), and diniconazole (0.063 g, 0.2 mmol) was dissolved in 
ethanol (10 ml). The C0CI2 solution was added to the diniconazole solution slowly under stirring. The mixture were filtered 
after stirring for 1 h. Crystals suitable for X-ray analysis were obtained by slow concentration of an ethanol solution. 

Refinement 

All H atoms were included in calculated positions and refined as riding atoms, with C — H = 0.93-0.96 A, O — H = 0.82 A, 
with £/j S0 (H) = 1.5{/ e q(C) for methyl H and hydroxy atoms and 1.2(7 e q(C) for the others. 

Figures 

Fig. 1 . The molecular structure of (I), showing the atom-labelling scheme and displacement 
ellipsoids at the 40% probability level. 



Fig. 2. The crystal packing of (I), showing a hydrogen-bonded three- dimensional framework; 
H-bonds are shown as dashed lines. 
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Dichloridotetrakis[(£)-(/?S)-1 -(2,4-dichlorophenyl)-4,4- dimethyl-2-(1 HA ,2,4-triazol-1 -yl)pent-1 -en-3- 
ol]cobalt(ll) 



Crystal data 

[CoCl 2 (Ci5Hi 7 Cl2N 3 0)4] 

M r = 1434.69 

Triclinic, FT 

Hall symbol: -P 1 

a = 8.800 (2) A 

6= 13.729 (4) A 

c = 15.145 (4) A 

a = 90.918 (3)° 

(3 = 98.560 (3)° 

y= 106.775 (3)° 

V= 1729.0 (8) A 3 



-3 



Z= 1 

F(000) = 741 
Z) x = 1.378 Mgm" 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 5326 reflections 
9 = 2.5-27.7° 

H = 0.69 mnT 1 
T=296K 
Block, red 

0.25 x 0.21 x 0.13 mm 



Data collection 

Bruker APEXII CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2007) 
r min = 0.847, T max = 0.916 
12895 measured reflections 



6356 independent reflections 

4764 reflections with / > 2o(I) 
R int = 0.027 

Qmax — 25.5°, 6 m j n — 2.5° 

A = -10-»10 

A: = -16^16 
/ = -18-»16 



Refinement 

Refinement on 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.040 
wicCF 2 ) = 0.098 
S= 1.02 

6356 reflections 
402 parameters 
70 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[o 2 (F Q 2 ) + (0.0391P) 2 + 0.9781P] 
where P = (F D 2 + 2F c 2 )/3 
(A/o) max < 0.001 

Apmax = 0.58 e A~ 3 
Apmin = -0.53 e A~ 3 
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Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 





U 


TT 22 
U 


U 


U 


U 


U 


CI 


0.062 (2) 


A A/l /CO /1 0~\ 

0.0462 (18) 


A AC /IT / 1 A~\ 

0.0542 (19) 


A AT7/C /1 C~\ 

0.0276 (15) 


A AT O A 1 1 £\ 

0.0284 (16) 


A AAOT /I C\ 

0.0082 (15) 


C2 


A A/CC /TX 

0.065 (2) 


A A/I T T /1 1\ 

0.0433 (1 /) 


A A A A "7 / 1 £\ 
0.040/ (16) 


A A1CO H C\ 

0.0158 (15) 


A A 1 "7"> / 1 C\ 

0.0172 (15) 


A AAT T / 1 T \ 
0.003 3 (13) 


C3 


0.0473 (16) 


A ATOA ( 1 f \ 

0.0380 (16) 


0.0386 (16) 


A A1 1"7 /1T\ 

0.0117 (13) 


A Ain /1T\ 

0.0122 (13) 


A AA 1 A ( 1 T\ 

0.0010 (12) 


C4 


A A A C 1 / 1 C\ 

0.0451 (15) 


A AT A £ / 1 C\ 

0.0346 (15) 


A AT A 1 

0.0301 (14) 


AA1CA/1T\ 

0.0150 (12) 


A A 1 A/" / 1 T\ 

0.0106 (12) 


A AA A'y { 1 1 \ 

0.0042 (11) 


C5 


A ACAA / 1 "7\ 

0.0500 (1 /) 


A A /I "7/1 / 1 H\ 

0.04 /6 (1 /) 


A AT C C ( 1 C\ 

0.0355 (15) 


a ai ii / 1 /i ^ 
0.0212 (14) 


A AA O /I T\ 

0.0052 (13) 


A AA 1/1 / 1 T \ 

0.0014 (13) 


C6 


A A A "7A / 1 "7\ 

0.0470 (17) 


A ACAT / 1 0\ 

0.0503 (18) 


a at dA / 1 rv\ 

0.0540 (19) 


0.0226 (14) 


A A 1 1 O ( 1 C\ 

0.0128 (15) 


A AAA/' /I C\ 

0.0096 (15) 


C7 


A A A 1 I / 1 C\ 

0.0412 (15) 


A ATO 1 "* ( 1 C\ 

0.0382 (15) 


A AT A"7 ( 1 /I \ 

0.0307 (14) 


A AAAC ( 1 1 \ 

0.0095 (12) 


A A 1 AT / 1 O \ 

0.0103 (12) 


A AAT^ / 1 1 \ 

0.0022 (12) 


C8 


a m if n t\ 
0.0315 (13) 


a A/i n /i c~\ 

0.0412 (15) 


a Ano / 1 T\ 

0.0228 (12) 


AA1/I">/11\ 

0.0142 (11) 


A A A A A / 1 A\ 

0.0040 (10) 


A AAA 1 /I 1 \ 

0.0001 (11) 


C9 


A AT *7 1 / 1 /I \ 

0.03 /I (14) 


A AT O /I / 1 C\ 

0.0386 (Id) 


0.0346 (14) 


0.0125 (12) 


A AAAT / 1 

0.0092 (12) 


A AAA C ( ~\ 

-0.0005 (12) 


CIO 


A A/C A /TX 

0.064 (2) 


A (\A C 1 /i o\ 

0.0461 (18) 


AAT OA / 1 *7^ 

0.0389 (17) 


A A1 OA /1 C\ 

0.0189 (15) 


A AA1T / 1 C\ 

0.0023 (15) 


A AA O A / 1 A \ 

0.0089 (14) 


CI 1 


0.076 (2) 


0.075 (3) 


0.076 (2) 


A A/l C ZO\ 

0.045 (2) 


A AAT /">\ 

0.003 (2) 


A A1 C 

0.016 (2) 


C12 


A 1 AA /T ^ 

0.109 (3) 


a a/ct /o\ 

0.063 (2) 


A A*7ZZ 

0.076 (3) 


A A 1 A 

0.019 (2) 


A A TO 

0.028 (2) 


A AT 1 

0.031 (2) 


C13 


Aii/; /T\ 

0.116 (3) 


A A"7/1 /T\ 

0.074 (3) 


A A A £L /I \ 
0.046 (2) 


A AT 1 /'"^ 

0.031 (2) 


-0.021 (2) 


A AAT O /1 0\ 

0.0038 (18) 


N3 


A AT *7T 

0.0373 (6) 


A A A £ 1 /TX 

0.0467 (7) 


A A /I AA 

0.0409 (6) 


A AAO/C /'C^ 

0.0086 (5) 


A AA*70 /'C^ 

0.0078 (5) 


A AAT £ 

-0.0036 (5) 


pic 
C15 


a at /I /; i £\ 

0.0346 (6) 


A AT A 1 fH\ 

0.0391 (7) 


A AT A O 

0.0348 (6) 


A A 1 1 "t /c^ 

0.01 12 (5) 


A AA"7T t Z\ 

0.0073 (5) 


A AAA*7 ( Z\ 

-0.0007 (5) 


C16 


0.0280 (14) 


A AC C A /1 n\ 

0.0559 (19) 


A A/I A /o\ 

0.069 (2) 


A A1 C 1 

0.0161 (13) 


A A1 CO /"1 A\ 

0.0152 (14) 


A AT70 /1 £\ 

0.0278 (16) 


C17 


A A1 AC / 1 T\ 

0.0295 (13) 


A AT /IT / 1 /I \ 

0.0343 (14) 


A AT A O / 1 

0.0348 (14) 


A AA*7 /I / 1 1 \ 

0.00 /4 (11) 


A AA*7C /1 1 \ 

0.00 /5 (11) 


A AA O T /1 1 \ 

0.0082 (11) 


C18 


A AT7A / 1 T\ 

0.0279 (12) 


A A1 "7/1 /I 1\ 

0.0274 (13) 


AAT /CA / 1 A \ 

0.0369 (14) 


A AA/C T / 1 n\ 

0.0063 (10) 


A A 1 AT /I 1 \ 

0.0102 (11) 


A AA CI / 1 1 \ 

0.0051 (11) 


C19 


A moo / 1 T\ 

0.0266 (13) 


A AT "7/1 H C\ 

0.0374 (15) 


AATO/I /1C~\ 

0.0384 (15) 


0.0106 (11) 


0.0124 (11) 


A AA"7A /1 ^^ 

0.0079 (12) 


C20 


0.043d (16) 


A A A T T / 1 T\ 

0.0433 (1 /) 


A AT AO / 1 ZZ\ 

0.0398 (16) 


A AA AA ("1 1\ 

0.0090 (13) 


A AAT A f 1 l Y\ 

0.0030 (13) 


A AAAT / 1 T \ 

0.0003 (13) 


C21 


A A/CC f*>\ 

0.065 (2) 


0.0/2 (2) 


A f\A H~\ / 1 o^ 

0.0461 (18) 


A A1 OA /1 o^ 

0.0189 (18) 


A A 1 T T / 1 £\ 

0.0133 (16) 


A A1TA ( ~\ £\ 

-0.0139 (16) 


C22 


a act /"O"* 

0.053 (2) 


A AAT /T\ 

0.093 (3) 


A A C C /Tt 

0.055 (2) 


A AA*7 C / 1 

0.0075 (19) 


-0.0067 (17) 


A AATA /I flN 

-0.0029 (19) 


C23 


A AAT /T \ 

0.097 (3) 


A AT /" "7 / 1 A\ 

0.0367 (19) 


A A "7 /I /1\ 

0.074 (2) 


A AA"7"7 / 1 OA 

0.0077 (18) 


A AAT /T\ 

0.003 (2) 


A AA"7T / 1 "7\ 

-0.0073 (17) 


C24 


A AT 1 T /I T\ 

0.0313 (13) 


A AT *7 C f~\C\ 

0.03 /5 (15) 


A AT £ O / 1 ^ 

0.0368 (15) 


A AA C £ /I 1 \ 

0.0056 (11) 


a nrm / 1 i \ 
0.00 / / (11) 


A AAAA /1 '>^ 

0.0090 (12) 


C25 


0.0324 (13) 


A Ain/" /1 /^\ 

0.0406 (16) 


A Aim / 1 A \ 

0.0297 (14) 


A AA/'T ( 1 1 \ 

0.0063 (12) 


A AA7f /I I \ 

0.0075 (11) 


A AA /'I ( 1 T\ 

0.0061 (12) 


C26 


a at cn / 1 A\ 

0.0359 (14) 


A A /I T / 1 

0.0423 (16) 


A AT 1 "7 /1 /l^ 

0.0337 (14) 


A A 1 AT /1">\ 

0.0103 (12) 


A AA*7 A ( 1 T\ 

0.0074 (12) 


A A A O f \ "\\ 

0.0082 (12) 


C27 


a at OA / 1 c\ 

0.0389 (15) 


AA/IA1 /1 

0.0401 (16) 


AAT AT /I r\ 

0.0393 (15) 


A A A 1 A /1 T ^ 

0.0019 (13) 


A A 1 AC / 1 

0.0105 (12) 


A AAO"7 / 1 T \ 

0.0087 (13) 


C28 


A AT 1 A /I /l\ 

0.0319 (14) 


a Ac An f\ o^ 
0.054 / (18) 


A AT1"7 /1 /l\ 
0.031 / (14) 


A A A /I O H 1\ 

0.0048 (13) 


A A 1 A/l / 1 T\ 

0.0104 (12) 


A AAT T / 1 T \ 
0.0033 (13) 


C29 


A A A /"* / 1 /^\ 

0.0462 (16) 


A ACCC /1A\ 

0.0555 (19) 


a Ad i r /i 

0.0415 (16) 


A AT 1 / 1 A \ 

0.0216 (14) 


A A1 AO /1T\ 

0.0148 (13) 


A A A C A f~1A\ 

0.0054 (14) 


C30 


A A A OA / 1 /Z\ 

0.0489 (16) 


A A A AA /1 /Z\ 

0.0409 (16) 


A A A T1 / 1 

0.0423 (16) 


A A1 1A /I 1\ 

0.01 19 (13) 


0.0165 (13) 


A A 1 AT /1T\ 

0.0103 (13) 


Cll 


A A A A A f~J\ 

0.0909 (7) 


0.0960 (8) 


A AA*71 i"7\ 

0.0971 (7) 


A A/l O 1 //;\ 

0.0481 (6) 


A A A AA 

0.0490 (6) 


A AAA/C t £\ 

-0.0096 (6) 


C12 


A A /I 0*7 / /I ^ 

0.048/ (4) 


A A*7 A O f£L\ 
0.0/48 (6) 


0.0564 (5) 


A A A "7 O / A \ 

0.00 /8 (4) 


A AAT 1 f A \ 
0.0031 (4) 


A A1"7"7 t A\ 

-0.0177 (4) 


C13 


A AT O 1 / A\ 

0.0381 (4) 


A A on ( c\ 

0.0823 (6) 


0.0635 (5) 


A A A A 1 //I \ 

0.0041 (4) 


A A1TA ( A \ 

0.0239 (4) 


A A A 1 £ (A \ 

0.0016 (4) 


C14 


A A/C T7 /C~\ 

0.0627 (5) 


A AC"7 A tZ\ 

0.0574 (5) 


A AO OA 

0.0889 (6) 


A AT 1 C i A \ 

0.0315 (4) 


A AT 1 /; t z\ 

0.0316 (5) 


A AT A O iZ\ 

0.0308 (5) 


C15 


A AT /I A /T\ 

0.0340 (3) 


A A/IO"7 ( A'\ 

0.048 / (4) 


0.0436 (4) 


A A 1 O T /T \ 

0.0183 (3) 


A AAT O /T ^ 

0.0032 (3) 


A A A /CO iT\ 

0.0068 (3) 


Col 


0.0233 (2) 


0.0310 (3) 


0.0276 (3) 


0.00848 (19) 


0.00932 (19) 


0.0044 (2) 


Nl 


0.0343 (6) 


0.0401 (6) 


0.0350 (6) 


0.0107 (5) 


0.0075 (5) 


-0.0014(5) 


N2 


0.0346 (6) 


0.0403 (6) 


0.0362 (6) 


0.0117 (5) 


0.0078 (5) 


0.0000 (5) 


C14 


0.0371 (6) 


0.0458 (7) 


0.0410 (7) 


0.0098 (6) 


0.0079 (5) 


-0.0021 (6) 


N4 


0.0295 (11) 


0.0347 (12) 


0.0377 (12) 


0.0089 (9) 


0.0111 (9) 


0.0078 (10) 


N5 


0.0357 (13) 


0.0525 (16) 


0.0721 (18) 


0.0185 (11) 


0.0166 (12) 


0.0324 (14) 


N6 


0.0273 (10) 


0.0316(12) 


0.0383 (12) 


0.0088 (9) 


0.0095 (9) 


0.0095 (10) 


Ol 


0.0360 (10) 


0.0456 (12) 


0.0459 (12) 


0.0106 (9) 


-0.0032 (9) 


-0.0067 (9) 


02 


0.0482 (11) 


0.0436 (11) 


0.0501 (12) 


0.0257 (9) 


0.0159 (9) 


0.0145 (9) 
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Geometric parameters (A, °) 




CI— C6 


1.367 (4) 


CI— C2 


1.373 (4) 


CI— Cll 


1.737 (3) 


C2— C3 


1.376 (4) 


C2— H2 


0.9300 


C3— C4 


1.389 (4) 


C3— C12 


1.731 (3) 


C4— C5 


1.387 (4) 


C4— C7 


1.474 (3) 


C5— C6 


1.378 (4) 


C5— H5 


0.9300 


C6— H6 


0.9300 


C7— C8 


1.320 (4) 


C7— H7 


0.9300 


C8— Nl 


1.441 (3) 


C8— C9 


1.509 (4) 


C9— Ol 


1.427 (3) 


C9— CIO 


1.544 (4) 


C9— H9 


0.9800 


CIO— Cll 


1.525 (4) 


CIO— C12 


1.529 (5) 


CIO— C13 


1.534 (4) 


Cll— H11A 


0.9600 


Cll— HUB 


0.9600 


Cll— H11C 


0.9600 


C12— H12A 


0.9600 


C12— H12B 


0.9600 


C12 — H12C 


0.9600 




u.youu 


V/l J 11 1 JiJ 


0.9600 


C13 — H13C 


0.9600 


N3— C14 


1.309 (3) 


N3— Nl 


1.365 (3) 


CI 5 — N2 


1.315 (3) 


pi; M 1 

C15 — N 1 


1 i n ft \ 
1.327 (3) 


C15 — H15 


r\ r\"\ r\f\ 

0.9300 


C16 — N5 


1.309 (3) 


CI 6— N4 


1.344 (3) 


CI 6— H16 


0.9300 


CI 7— N4 


1.321 (3) 


CI 7— N6 


1.328 (3) 


C17— H17 


0.9300 


C6— CI— C2 


121.9 (3) 


C6— CI— Cll 


119.8(2) 


C2— CI— Cll 


118.3 (2) 



C18 — C24 


1.319 (3) 


C18 — N6 


1.439 (3) 


C18 — C19 


1.513 (3) 


C19 — 02 


1.424 (3) 


C19 — C20 


1.543 (4) 


C19 — H19 


0.9800 


C20 — C21 


1.525 (4) 


C20 — C22 


1.527 (4) 


C20 — C23 


1.529 (4) 


C21 — H21A 


0.9600 


C21 — H21B 


0.9600 


C21 — H21C 


0.9600 


C22 — H22A 


0.9600 


C22 — H22B 


0.9600 


C22 — H22C 


0.9600 


C23 — H23A 


0.9600 


C23 — H23B 


0.9600 


C23 — H23C 


0.9600 


C24 — C25 


1.481 (3) 


C24 — H24 


0.9300 


C25 — C26 


1.389 (4) 


C25 — C30 


1.389 (4) 


C26 — C27 


1.382 (4) 


C26— C14 


1.733 (3) 


C27— C28 


1.373 (4) 


C27— H27 


0.9300 


C28— C29 


1.374 (4) 


C28— C13 


1.731 (3) 


C29— C30 


1.383 (4) 


C29— H29 


0.9300 


C30— H30 


0.9300 


C15— Col 


2.5227 (8) 


Col— N2 


2.126 (2) 


Col— N2 ; 


2.126 (2) 


Col— N4 ; 


2.147 (2) 


Col— N4 


2.147 (2) 


Col— Cb* 


2.5227 (8) 


N2— C14 


1.352 (3) 


C14— H14 


0.9300 


N5— N6 


1.359 (3) 


Ol— HI 


0.8200 


02— H2A 


0.8200 


C21— C20— C19 


112.8 (2) 


C22— C20— C19 


106.4 (3) 


C23— C20— C19 


109.3 (2) 
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pi Pi pi 
CI — C2 — C3 


1 1 O C 

llo.J (i) 


pi pi ul 
CI — C2 — Hi 


1 1/1 "7 

12U. / 


pi ui 
C3 — C2 — HZ 


1 in h 
12U. / 


pi pi p^i 
C2 — C3 — C4 


121.y (3) 


pi pi pn 
C2 — C3 — C12 


I 1Q O /1\ 

II o.o (2) 


f^A pi pn 
C4 — C3 — Clz 


1 1 n i /i\ 

ny.3 (2) 


pc p^i pi 
Cj — C4 — C3 


iiii /i\ 
11 /.I (2) 


r^/i c^~i 
Cj — C4 — C / 


122. U (2 J 


pi p^i p~7 
C3 — C4 C / 


1 in "7 /i\ 
12U. / (2) 


p/; pc p/i 
Co — CD — C4 


111 n 
122.U (i) 


r^/; r*z. 

Co — CD — rij 


lion 

i iy.u 


f^A PC UC 

C4 — Cj — Hi 


1 1 n n 

ny.u 


pi p/; pc 
CI — Co — Cj 


1 1 o c n\ 
llo.J (i) 


P1 p/; TU/C 

CI — Co — Ho 


1 in "7 
12U. / 


r^c tja 
Cj — Co — no 


1 in "7 
12U. / 


po p~7 a 
Co — C / — C4 


1 1/; o /i\ 
120.0 (2) 


po t~*n in 
Co — C / — rl / 


1 1 (T (T 

llo.o 


p^i r^n xn 
C4 — C / — rl / 


llo.o 


p-7 po \ti 
C/ — Co JN 1 


1 1 /.2 (2 ) 


pi po pn 

c / — Co — cy 


1 1/; /; /i\ 
120.0 (2) 


\r1 po pn 
JN 1 — Co — CV 


1 1 /; 1 /1\ 
llo.l (2) 


p.1 pn po 

ui — cy — Co 


111 c /1\ 

1 1 1. J (2) 


P.1 pn pi n 

u i — cy — c i u 


i no n /1\ 
lUo.U (2 j 


po pn nn 

Co — cy — C 1 U 


1 1 C 1 /1\ 

llj.l (2) 


p.1 pn un 

ui — cy — riy 


1 n"7 i 
1U/.3 


po pn un 

Co — cy — riy 


1 n~7 i 
1U/.3 


pi/i pn un 

c i u — cy — Hy 


1 n"7 i 
1U /.3 


pi 1 pin pn 

CI 1 — C1U — Clz 


1 no o /i \ 
lUo.o (3) 


pi 1 pin P11 

CI 1 — CIU — C13 


1 1 n ^i /i \ 
11U.4 (3) 


pn pin P11 

C 1 2 — C 1 U — C 1 3 


1 no n /i \ 
lUo.y (3) 


pii pin pn 

ci i — ciu — cy 


iii/i /i\ 
112.4 (2) 


pit p i a pn 

ciz — ciu — cy 


1 ni i /i \ 
1U/.2 (3) 


pii pin pn 

ci 3 — ciu — cy 


inn i /q\ 
lUy.l (3) 


p i n p ii ttii a 


1 no c. 


CIO — Cll — HUB 


109.5 


H11A— Cll— HUB 


109.5 


CIO— Cll— H11C 


109.5 


H11A— Cll— H11C 


109.5 


HUB— Cll— H11C 


109.5 


CIO— C12— H12A 


109.5 


CIO— C12— H12B 


109.5 


H12A— CI 2— H12B 


109.5 


CIO— C12— H12C 


109.5 


H12A— C12— H12C 


109.5 


H12B— CI 2— H12C 


109.5 


CIO— C13— H13A 


109.5 


CIO— C13— H13B 


109.5 



CZU — CZ 1 — HI 1 A 


1 AO Q 
lUV.J 


POA pn TJT1 D 

CZU — CZ 1 — hlZ 1 r> 


luy.j 


TTI 1 A PO 1 TJT1D 

hlZ 1 A — CZ 1 — HZ IB 


lUV.J 


CZU — CZ 1 — hlZ 1 C 


lUy.J 


tto i a ni TjTir 
hlZ 1 A — CZ 1 — hlZ 1C 


lUV.J 


hlZ 1 r> — CZ 1 — hlZ 1 C 


iuy.j 


p o i\ rm a 
CZU — CZZ — hlZZA 


lUV.J 


CZU — CZZ — hlZZB 


iuy.j 


i m a pt) i mn 
hlZZA — CZZ — WLLd 


lUV.J 


CZU — CZZ — hlZZC 


iuy.j 


hlZZA — CZZ — hlZZC 


lUV.J 


hlZZB — CZZ — hlZZC 


1 AO Z 

iuy.j 


CZU — CZ3 — hlZiA 


1 AA ^ 

iuy.j 


P^n p")! i ni d 
CZU — CZ3 — hlZ3r> 


1 AA ^ 

iuy.j 


l m a pn TJT3D 

hlZiA — CZ3 — hlZ3r> 


1 AA £ 

iuy.j 


CZU — CZ3 — hlZiC 


1 AA Z 

iuy.j 


i m a pt] 1 1 ">")/' ' 
hlZiA — CZ3 — hlZiC 


1 AA Z 

iuy.j 


hlZiB — CZ3 — hlZiC 


1 AA ^ 

iuy.j 


pio f^"\A PTC 

C 1 o — CZ4 — CZ j 


111 A /">\ 

izj.y (Z) 


pio r^"iA 1 1 ~> .1 
C 1 o — CZ4 — HI4 


1 lo.U 


CZD — CZ4 — rlZ4 


1 1 0 A 

1 lo.U 


CZo — CZD — C3U 


11 / .I (Z) 


CZo — CZj — CZ4 


1ZZ.3 (Z ) 


piA PTC pi^ 

C3U — CZj — CZ4 


1 OA £ 

IZU.o (Z) 


pn ptc 
CZ / — CZo — CZj 


1ZZ.1 (3) 


pn pt/c pi /i 
CZ / — CZo — C14 


no i /o\ 
11 0.3 (Z) 


pTf P ^> /C pi /] 

CZj — CZo — C14 


i iy.o (Z) 


POO PT7 pi/f 

CZo — CZ / — CZo 


1 lo.o (3) 


p"10 PT7 I I "> "7 

CZo — CZ / — hlZ / 


1 TA 
IZU.O 


Pl/r pn TTT7 

CZo — CZ / — hlZ / 


1 OA /Z 

IZU.o 


pn Pig pin 

cz / — czo — czy 


1Z1.1 (Z) 


pn poo pi o 
CZ / — CZo — C13 


1 1 A H /">\ 

ny. / (Z) 


p^n pio pi -> 

czy — czo — cij 


1 1 A 1 

ny.i (Z) 


r?s r?Q r^n 


1 1 y .u ^ J^ 


C28— C29— H29 


120.5 


C30— C29— H29 


120.5 


C29— C30— C25 


121.7 (3) 


C29— C30— H30 


119.2 


C25— C30— H30 


119.2 


N2— Col— N2' 


180.0 


N2— Col— N4' 


90.22 (8) 


N2'— Col— N4' 


89.78 (8) 


N2— Col— N4 


89.78 (8) 


N2'— Col— N4 


90.22 (8) 


N4'— Col— N4 


180.00 (8) 


N2— Col— C15' 


88.23 (6) 


N2 ; — Col— C15 1 


91.77 (6) 



sup-7 



supplementary materials 



H13A— CI 3— H13B 


109.5 


N4 1 — Col— C15 1 


89.15 (6) 


CIO— C13— H13C 


109.5 


N4— Col— C15' 


90.85 (6) 


H13A— C13— H13C 


109.5 


N2— Col— C15 


91.77 (6) 


H13B— CI 3— H13C 


109.5 


N2'— Col— C15 


88.23 (6) 


C14 — N3 — Nl 


102.1 (2) 




90.85 (6) 


1\T7 P1^ T\T1 

IN L V. 1 J IN 1 




M/ p n 1 PI 5 


SO 1 ^ (f.\ 


JN2 — CI J — HI 5 


124.0 


C15 1 — Col — C15 


16U.UU (i) 


Nl — C15 — H15 


124.6 


C15 — Nl — N3 


109.4 (2) 


N5 — C16 — N4 


115.2 (2) 


C15 — Nl — C8 


129.1 (2) 


N5 — CI 6 — H16 


122.4 


N3— Nl — C8 


121.5 (2) 


N4 — C16 — HI 6 


122.4 


C15 — N2 — C14 


102.5 (2) 


N4 — CI 7 — N6 


110.5 (2) 


C15 — N2 — Col 


128.29 (18) 


N4 — CI 7 — HI 7 


124.8 


C14 — N2 — Col 


128.41 (17) 


N6 — CI 7 — HI 7 


124.8 


N3 — CI 4— N2 


115.2 (2) 


C24 — CI 8 — N6 


118.0 (2) 


N3 — C14 — H14 


122.4 


C24 — CI 8 — C19 


125.8 (2) 


N2 — C14 — H14 


122.4 


N6 — C18 — C19 


116.1 (2) 


C17 — N4 — C16 


102.6 (2) 


02 — C19 — CI 8 


111.8 (2) 


C17 — N4 — Col 


126.15 (17) 


02 — C19 — C20 


108.6 (2) 


C16 — N4 — Col 


129.29 (17) 


CI 8 — C19 — C20 


115.3 (2) 


C16 — N5— N6 


102.5 (2) 


02 — C 1 9 — H 1 9 


106.9 


C 1 7 — N 6 — N 5 


109.3 (2) 


pio C)Q W1Q 

v 1 o v 1 y 1 1 1 y 


1 Of, Q 


C 1 7 MA C 1 8 

v. 1 / IN O \s 1 o 


1 ?Q 1 (1\ 


Cl(\ pi Q tr i q 

lzu — v i y — 1 1 1 y 


1 Of, Q 


IN J IN D v 1 o 


i 91 t cy\ 

1Z1.J \L ) 


V^Z 1 LZU V/ZZ 


ivy . l ) 


v V \j 1 1 1 1 


1 HQ S 


v_Z 1 V- ZU LZj 


i HQ Q Cl\ 


fin o? H?A 
v i y — uz — nZ/i 


1 HQ S 


L-ZZ LZU LZj 


i\jy.D f 






C6 — CI — C2 — C3 


-0.4 (5) 


C13 — C28 — C29 — C30 


175.6 (2) 


Cll — CI — C2 — C3 


179.5 (2) 


C28 — C29 — C30 — C25 


-0.4 (4) 


CI — C2 — C3 — C4 


0.0 (4) 


C26 — C25 — C30 — C29 


4.1 (4) 


C 1 — C2 — C3 — C12 


179.5 (2) 


C24 — C25 — C30 — C29 


-176.6 (3) 


C2 — C3 — C4 — C5 


0.4 (4) 


N2 — CI 5 — Nl — N3 


-1.7 (3) 


C12 — C3 — C4 — C5 


-179.1 (2) 


N2 — CI 5— Nl — C8 


-179.8 (2) 


C2 — C3 — C4 — C7 


-175.2 (3) 


C14 — N3 — Nl — C15 


1.1 (3) 


C12 — C3 — C4 — C7 


5.3 (4) 


C14 — N3 — Nl — C8 


179.4 (2) 


C3 — C4 — C5 — Co 


-0.5 (4) 


C7 — C8 — Nl — C15 


133.4 (3) 


ri C4 C 5 C6 


175.1 (3) 


pq ps Nl CI 5 


-50 9 (A\ 


C2— CI— C6— C5 


0.4 (5) 


C7— C8— Nl— N3 


-44.5 (3) 


Cll— CI— C6— C5 


-179.5 (2) 


C9— C8— Nl— N3 


131.1 (2) 


C4— C5— C6— CI 


0.0 (4) 


Nl— C15— N2— C14 


1.5 (3) 


C5— C4— C7— C8 


60.7 (4) 


Nl— C15— N2— Col 


-168.98 (17) 


C3— C4— C7— C8 


-123.9 (3) 


N2 ; — Col— N2— C15 


46 (100) 


C4— C7— C8— Nl 


-179.2 (2) 


N4 ; — Col— N2— C15 


-143.4 (2) 


C4— C7— C8— C9 


5.7 (4) 


N4— Col— N2— C15 


36.6 (2) 


C7— C8— C9— Ol 


-134.4 (3) 


C15'— Col— N2— C15 


127.4 (2) 


Nl— C8— C9— Ol 


50.5 (3) 


C15— Col— N2— C15 


-52.6 (2) 


C7— C8— C9— CIO 


102.1 (3) 


N2'— Col— N2— C14 


-122 (100) 


Nl— C8— C9— CIO 


-73.1 (3) 


N4'— Col— N2— C14 


48.5 (2) 
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Ol — C9 — CIO — Cll 


-54.3 (3) 


N4— Co 1 — N2— C 1 4 


-131.5 (2) 


pe po pin P11 


71 1 (X\ 
/l.l (5) 


C1j — Col — JNZ — C14 


— Aft 1 H\ 


VI — C9 — C 1 0 — C 1 2 


03.2 (3) 


CI J — Col — JNZ — C14 


13y.3 (2) 


Co — cy — C 1 0 — C 1 2 


1 /;n A /"3\ 
-lby.4 (3) 


Ml Ml /-i 1 A "NT'") 

JN 1 — JN3 — C14 — JNZ 


-0.1 (3) 


tj i — cy — C 1 0 — C 1 3 


1 in i /"3\ 
— 1 / /.I (3) 


C 1 J — JN Z — C 1 4 — JN 3 


— U.o (3) 


PS PQ Pin P 1 1 




( \. 1 XT 9 T 1 1 A Ml 

CO 1 IN Z C 1 H IN J 




C24— C 1 8— C 1 9— 02 


-131.9 (3) 


N6— CI 7— N4— CI 6 


-0.7 (3) 


N6— CI 8— CI 9— 02 


50.7 (3) 


N6— CI 7— N4— Col 


164.63 (16) 


C24— CI 8— CI 9— C20 


103.3 (3) 


N5— CI 6— N4— CI 7 


0.4 (4) 


N6— CI 8— CI 9— C20 


-74.0 (3) 


N5— CI 6— N4— Col 


-164.3 (2) 


02— CI 9— C20— C21 


-55.1 (3) 


N2— Col— N4— C17 


-66.5 (2) 


CI 8— CI 9— C20— C21 


71.2 (3) 


N2 ; — Col— N4— C17 


113.5 (2) 


02— CI 9— C20— C22 


64.4 (3) 


N4 ; — Col— N4— C17 


151 (100) 


CI 8— CI 9— C20— C22 


-169.2 (2) 


C15' — Col — N4 — C17 


-154.7(2) 


02— CI 9— C20— C23 


-177.7 (2) 


C15— Col— N4— C17 


25.3 (2) 


C18— C19— C20— C23 


-51.4 (3) 


N2— Col— N4— CI 6 


94.9 (2) 


N6— CI 8— C24— C25 


-176.3 (2) 


N2 ; — Col— N4— C16 


-85.1 (2) 


CI 9— CI 8— C24— C25 


6.3 (4) 


N4' — Co 1 — N4 — C 1 6 


-48 (100) 


pi s P74 P7< Cl(\ 

O V^ZH V^Z J V^ZU 


—110 7 (T,\ 


U5 — COl — JN4 — C16 


0./ ^ZJ 


C 1 5 — C24 — C25 — C30 


61.U (4) 


CD — CO 1 — JN 4 — C 1 6 


-1 /3.3 (2) 


r^in nr /^t/; 

C30 — C25 — C26 — C2 / 


A (\ t A\ 

-4.U (4) 


IN 4 — C16 — INS — JN6 


0.1 (4) 


r^i/i nr r^T/; r^T7 
C24 — C25 — C26 — C2 / 


1 "7/; "7 

1 /6. / (2) 


JN4 — CI / — JN6 — INS 


0.8 (3) 


r^m nr f^^c r^\A 
C30 — C25 — C26 — C14 


i / / .y (2) 


xt a rn \r/T pi o 
JN4 — CI / — JN6 — C18 


-1 15. L (2) 


/—it /] pi; /it/ /—II /] 

C24 — C25 — C26 — C14 


-1.5 (4) 


/— 1 1 *Z TvTC XT/C /— 1 1 "7 

C16 — IN 5 — IN 6 — CI / 


-0.5 (3) 


C25— C26— C27— C28 


0.2 (4) 


CI 6— N5— N6— C18 


174.0 (2) 


C14— C26— C27— C28 


178.4 (2) 


C24— CI 8— N6— CI 7 


144.7 (3) 


C26— C27— C28— C29 


3.7 (4) 


CI 9— CI 8— N6— CI 7 


-37.7 (4) 


C26— C27— C28— C13 


-175.5 (2) 


C24— CI 8— N6— N5 


-28.7 (4) 


C27— C28— C29— C30 


-3.6 (4) 


CI 9— CI 8— N6— N5 


148.9 (2) 



Symmetry codes: (i) -x+1, -y, -z+1. 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-^ Z)-^ D—H-A 

01— H1-C15" 0.82 2.35 3.136 (2) 161. 

02— H2A-C15 ii 0.82 2.32 3.128 (2) 169. 
Symmetry codes: (ii) -x+2, -y, -z+1. 
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